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APPARATDS FOR THE TREATMENT OF A SOLID BODY 

-^hd-s-i-nventl-on-re±ates _ t"o— eh^t-r^tln^t - of^oHTd" 


bodies and, more specifically, it deals with an apparatus 
for the plasma treatment of the surface of a solid body. 
The invention may be used, e.g. in electrical engineering, 
mechanical engineering, electronics and other fields. 

Plasma technology for the treatment of solid bodies 
is now under intensive development to replace substan- 
tially liquid chemical kinds of treatment in all 
operations. Various kinds of processing of the surface of 
solid bodies exist, including heat treatment, plasmo- 
chemical cleaning and etching, and film forming. 
:,. Known in the art are plants in which a plasma medium 
is provided under a pressure of at least 10 2 Pa. Such 
vacuum plasma treatment plants include a vacuum chamber 
having a gas evacuation system and incorporating a plasma 
generator having a plasma forming gas supply system and a 
support holder. A three-dimensional charge is excited in 
such vacuum plasma treatment plants, and the support is 
stationary. For the excitation of plasma, use is made of 
a high-frequency, SHF, glow, or arc discharge which, 
according to the gas or cathode target material used, 
forms a desired plasma composition for etching or film 
deposition. 

Higher vacuum under these conditions contributes to a 
more uniform surface treatment. However, a higher vacuum 
results in a decrease in the density of active particles 


SUBSTITUTE SHEET 


WO 92/21220 


PCT/EP92/01131 


and the lower flow of such particles towards the surface, 
so as to prolong the surface treatment period. This is 
one of the reasons why the throughput capacity of such 
plants is inadequate. In addition , low throughput 
capacity is caused by the need for the continuous mainte- 
nance of the vacuum, i.e. evacuation of the whole working 
volume of the chamber. This is especially pronounced 
where the plasma forming gas is to be replaced, when it is 
necessary to carry out the complete cleaning of particles 
from the chamber, so as to avoid having undesired im- 
purities when starting a new cycle of surface treatment. 
This results in the need for a prolonged period of pre- 
paration of the plant for operation. When such plants 
are used for continuous manufacturing treatment processes, 
lock chambers are provided where there is a need for 
communication with atmosphere, so as to increase the 
throughput capacity. In such arrangements, contamination 
of the supports can result, which is extremely un- 
desirable, particularly in electronic engineering. 

These disadvantages are reduced in a plasma reactor 
described in U.S. Patent No. 4946537 with a vacuum chamber 
which has a reagent gas supply system, a plasma generator, 
and at least one elctromagnetic coil which is positioned 
coaxially with the chamber. A specimen is mounted in a 
holder inside the chamber to extend in parallel with a 
magnetic field generated by the coil. A high-energy flow 
cf charged high-density particles from the plasma is in- 
cident perpendicularly upon the surface of the specimen so 
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as to carry out the treatment. 

High-energy ions interacting with the surface give 
rise to radiation-induced defects, i.e., to disruptions of 
structure and atomization of the material being treated 
and initiate radiation-induced chemical reactions. As the 
degree of integration of chips grows higher, process 
layers in the active structures become thinner and thin- 
ner. Radition induced effects in such layers cause 
changes in electrical properties and can even result in 
complete rejection of elements of chips. Such a reactor 
cannot ensure the necessary high quality of treatment. 

It is an object of the invention to increase through- 
put capacity and enhance the quality of treatment of solid, 
bodies . 

In one embodiment of the invention to be described an 
apparatus for plasma treatment, preferably with planar 
supports, comprises a plasma generator having a plasma 
forming gas supply system and a power supply, and a sup- 
port holder, the plasma generator including a generator of 
a plasma jet under atmospheric pressure having a regulator 
of the cross-sectional size of the plasma jet. The sup- 
port holder and the plasma jet generator are mounted for 
movement with respect to each other in the direction of at 
least one coordinate axis for regularly introducing the 
support holder into, and retracting it from the treatment 
zone. The apparatus of this embodiment is also provided 
with a means for setting the support holder speed and the 
cross-sectional size of the plasma jet, being connected to 
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the regulator cf the cross-sectional size of the plasma 
net and with a drive for the support holder. The drive 


for the support holder is capable of varying the support 
holder speed both within and outside the treatment zone. 

One advantage of the apparatus to be described re- 
sides in its high throughput capacity, the use in the 
apparatus of a plasma jet-generator for the atmospheric 
pressure jet allowing the processes of interaction of the 
plasma with the surface outside the vacuum chamber to be 
intensified. No vacuum equipment for evacuation and no 
sealed chamber are required so that the apparatus is al- 
ways ready for operation. Unlike arrangements employing 
reduced-pressure plasma, the use of a plasma generator for 
an atmospheric pressure plasma jet enables the transfer of 
active particles (excited ions and atoms) towards the 
support surface to occur through diffusion rather than 
through free molecular movement. The density of the 
active particle flow in this case is very many times 
higher than that obtainable in vacuum plants. The active 
particles diffuse towards the surface under these con- 
ditions without any loss of activity as the flight dis- 
tance for non-elastic interactions is much greater than 
the thickness of the boundary layer (the boundary layer is 
formed adjacent to the support surface when plasma jet 
flows around it, and its thickness is about 10-4 m (with 
q«10 7 W/m 2 )- However, as a result of elastic collisions 
in the boundary layer, the active particles lose their 
kinetic energy. Therefore, with a very high density of 
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active particle flow, hence, with a high rate of photo- 
chemical processes occurring on the surface, i.e., with a 
high speed of surface treatment, any radiation-induced 
damage is substantially excluded and a high quality of 
treatment can be achieved. As the thermal flux directed 
towards the surface is high (plasma temperature is as high 
as ((10 to 15).10 3 K), this plasma can be used for 
treatment in an unsteady heat conductance mode, i.e., with 
a short term plasma action upon the surface (the residence 
time of a point under treatment in a plasma stream is 
about 10 ms). This surface treament is a dynamic plasma 
operation (DPO). For carrying out this process, an 
apparatus must have systems for setting up the jet size 
and the support speed and also devices for carrying out a 
precision control of the relative movement of the plasma 
jet generator and the support. 

For maintaining the desired size of the plasma jet 
during treatment, a means for setting the cross-sectional 
size of the plasma jet includes a brightness detector in 
the particular embodiment. The brightness detector 
carries out monitoring and, following the receipt of an 
error signal, a command for correcting the size of the 
plasma jet is sent from the detector to the setting means. 

In carrying out the treatment of a large number of 
identical parts, it is preferred that the support holder 
be in the form of a turret, so as to raise substantially 
the throughput capacity of the apparatus. 

To provide fcr the possibility cf the deposition of 
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films cf organometal compounds and for carrying out 
etching, the plasma forming gas supply system has in cer- 
tain embodiments to be provided with a vaporizer having a 
thermo-controlled conduit for maintaining the organometal 
compounds in the gaseous state. The free end of the 
thermo-controlled conduit is directed towards the plasma 
jet zone. This increases the manufacturing capabilities 
of the apparatus, owing to a broadening of the range of 
types of film that can be deposited. 

To reduce the consumption of a plasma forming gas; 
the gas supply system may be provided with a controlled 
valve and the support holder may be provided with a co- 
ordinate pickup, the signal of the pickup controlling the 
valve so that the valve might be opened only at the moment 
the support passes through the treatment zone. 

To increase the output of the process in treating 
parts having a diameter which is greater than the plasma 
jet size, the support may be rotated about an axis drawn 
through its geometrical centre perpendicularly with 
respect to the support plane. This allows the whole sup- 
port to be treated in a single pass. 

Embodiments of the invention will now be described, 
by way of example, with reference to the accompanying 

drawings, in which: 

Fig. 1 is a perspective schematic illustration of one 

arrangement , 

Fig. 2 is a diagrammatic and partly block schematic 
illustration cf an apparatus having a brightness detector, 
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Fig. 2 is a block circuit diagram of a brightness, 
detector , 

Fig. 4 is a circuiz diagram of means for setting the 
cross-sectional size of a plasma jet, 

Fig. 5 is a circuit diagram of means for setting the 
speed of movement of a support, 

Fig. 6 is a schematic illustration of a plasma 
forming gas supply system having a controlled valve and a 
vaporizer, and 

Fig. 7 is a perspective view of a support holder 
having an auxiliary drive. 

Referring to Fig. 1 there is shown a most ingenuous 
embodiment of one form of apparatus. 

In this embodiment, a generator 1 for a plasma jet 2 
is provided with a regulator of the cross-sectional size 
of the plasma jet 2, which may be in the form of an open- 
ended magnetic circuit 3 mounted coaxially with the 
generator 1 and connected to a solenoid 4 which receives a 
control signal from a means 5 for setting the cross- 
sectional size of the plasma jet 2. The generator 1 is 
connected to a power supply 6, and a plasma forming gas is 
supplied to the generator 1 from the system 7. A support 
8 is attached, e.g., by means of a vacuum suction device, 
to a holder 9 which has a drive 10 controlled by a setting 
means 11 for setting-up the speed of movement of the 
support 8. The holder 9 for the support 8 performs a 
rotary motion. The generator 1 of the plasma jet 2 is 
mounted above a plane defined by the path of movement of 


SUBSTITUTE SHEET 


WO 92/21220 


6 


PCT/EP92/01131 


the holder 9, in such a manner that plasma jet intersects 

Th is pa- tii~ro~d"ef±ne— a~ support— treatment— z-one-i T-he— se-t-t-i-ng- 

means 5 may be in the form of a current: generator, e.g., a 
transistor having its base arranged to receive a drive 
signal in the form of a voltage from a variable resistor. 
The coil of the solenoid 4 is arranged in the emitter cir- 
cuit of the transistor. 

In the simplest case, the setting means 11 may be in 
the form of a controlled pulse generator with a pulse rate 
determining the speed of movement of the holder 9 of the 
support 8. It is arranged that a change in the frequency 
of the -controlled pulse generator corresponds to a change 
in speed of the support 8 . 

The operation of the apparatus will now be described 
with reference to a specific example which involves the 
removal of a photo resistor mask from the surface of a 
silicon chip support . 

Unlike previously proposed arrangements, the 
apparatus of the arrangement to be described allows the 
removal to be carried with an inert gas plasma, thereby 
ruling out undesired chemical effects upon the structures 
formed as a result of a high-density flow of active par- 
ticles towards the surface being treated. 

Direct current of 100 A is supplied to the generator 
1 from the power supply 6, and nitrogen as a plasma 
forming gas is supplied through the gas supply system 7. 
A signal from the setting means 5 determines the value of 
the current az the solenoid 4 to define zhe magnitude of 
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the maanetic field induced by the magnetic circuit 3. The 


ma 


gnetic field of the open-ended magnetic circuit 3 causes 


the cross-sectional size of the plasma jet to be between 6 
and 2 cm. These parameters ensure the necessary power - 
density of the plasma jet 2 for removing a photo resistive 
mask from the support 8. The setting means 11 sets up 
the speed of movement of the support 8 in the treatment 
zone at 0 18 m/s. During the treatment, the support 8 is 
heated to 300°C. For the complete removal of the photo 
resistive mask from the support 8, the treatment has to be 
repeated several times. The support 8 is preferably 
cooled down to a predetermined starting temperature before 
each successive treatment cycle. This step takes from 5 
to 10 seconds. These conditions are taken into account 
in setting up the speed of movement of the support 8 
outside the treatment zone. 

It is preferable that, during successive treatment 
cycles, the plasma parameters should remain unchanged, so 
that monitoring is required in order to ensure that the 
conditions do not change. Monitoring of the conditions 
can be achieved by means of a brightness detector... The 
same reference numerals are used for similar parts of the 
apparatus in the different figures of the drawings. 

-Fig. 2 shows an apparatus in which three brightness 
detectors 12 are provided for monitoring the cross- 
sectional size of the plasma jet 2. The brightness 
detectors 12 are positioned in a plane drawn in parallel 
wizh zhe plane of movement cf the supper- 8. The bright- 
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ness detectors 12 keep a watch on the brightness distri- 

bution in the plasma j et 2 continually , and error sig nals 

are fed from the to the setting means 5 and 11 in order to 
allow the cross-sectional size of the plasma jet 2 and the 
speed of movement of the support 8, respectively, to be 
controlled. This control results in a high consistency 
in the reproducibility of the treatment results. This 
feature is especially important if a turret is used as a 
support holder 9 in order to increase substantially the 
throughput capacity of the apparatus in carrying out a 
continuous treatment process using a large number of 
supports 8. In this case the generator 1 has a drive 13 
controlled by the setting means 11. The drive 13 moves 
the generator 1 in the transverse direction with respect 
to the path of movement of the support 8. This movement 
of the generator 1 allows a more uniform treatment of the 
support to be given, since the distribution of the energy 
density of the plasma jet 2 is not uniform and is at its 
maximum at the centre of the jet 2. The movement of the 
generator 1 corresponds to the movement of the plasma jet 
2 along the surface of the support 8 being treated. For 
this reason, the centre of the plasma jet 2 will pass over 
the entire surface area of the support 8 during several 
consecutive treatment cycles. 

The brightness detectors 12 used in the apparatus may 
be configured as shown in Fig. 3. A brightness detector 
12 consists of a line 14 of SCOreceivers , first and 
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second analog switching circuits 15 and 16 controlled by 

first and second counters 1 7 and 13, a comparator 13, 

first and second analog switches 20 and 21, an adder 22 an 
inverting adder 24, and an inverter 25. 

This system is designed for monitoring the brightness 
and temperature distribution in the plasma jet 2 for 
evaluating changes in the plasma parameters . 

The system functions in the following manner. 

Signals from the outputs of the receivers of the line 
14 arrive at the inputs of the analog switching circuits 
17 and 18, respectively. The counters 17 and 18 function 
in such a manner that signals from all of the receivers of 
the line 14 appear one-by-one at the output of the analog 
switching circuit 15. Signals from the rest of the 
receivers of the line 14 appear one-by-one at the output 
of the switching circuit 16 during the period within which 
a signal from the first receiver of the line 14 appears at 
the outpur of the switching circuit 15. 

The outputs of the switching circuits 15 and 16 are 
connected to the inputs of the comparator 19 , which has 
its output connected to control the inputs of the analog 
switches .20 and 21. A signal from the output of switching 
circuit 16 goes to the signal inputs of the analog 
switching circuits 20 and 21. The comparator 19 con- 
secutively compares the signal from the first receiver of 
the line 14 with the signals from the rest of the re- 
ceivers of the line 14. The comparison results arrive at 
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the control inputs of the analog switches 20 and 21, which 
are made conductive once in or der to let a signal through 
when there are no control signals from the output of the 
comparator 19, the switch 20 being made conductive when a 
maximum-value signal from the line 14 is detected. The 
switch 21 is made conductive upon the detection of a 
second-value signal from the line 14. 

A signal, which is responsive to the maximum-value on 
the line 14, and which is obtained from the output of the 
switch 20 arrives at the adding input of the adder 22 and 
at the control input of the counter 17, which records the 
ordinal number of the receiver from the output of which 
this signal has been sent. The receiver bearing this 
number will participate no more in the comparison . pro- 
cedure which is aimed at detecting the maximum value. 
Arter the detection of the maximum signal, a change occurs 
in the state of the counters 17 and 18, a signal from the 
second receiver of the line 14 appears at the output of 
the switching circuit 15, and the procedure aimed at 
detecting the maximum value will be repeated. The 
detected signal, which will be the second one in value, is 
fed, via the switch 21, to the difference input of the 
adder 22. The signal from the output of the adder 22 is 
fed, via a multiplier 23, to the input of the inverting 
adder 24, where it is added to a reference signal U^, and 
is fed, via the inverter 25, to the input of a brightness 
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detector 12. There are three brightness detectors 12 

.connected t.o the — se.t-t.ing — means — 5-, — (-Eig — 2.) — and_signals— U^-t- 

U 3 , and appear at the output of each of them respec- 
tively. These signals arrive at an input of the setting 
means 5 (Fig. 2). In this case, the setting means 5 is 
built around an adding inverter 26 (Fig. 4) having its 
output connected to the base of a transistor 27. The 
transistor 27 converts the error signal obtained at the 
output of the adding inverter 26 into the current of its 
emitter circuit in which the coil of the solenoid 4 is 
arranged. A current proportional to the error signal of 
the setting means 5 will thus flow through the coil of the 
solenoid 4 . 

The setting means 11 receives signals from the 
brightness detectors 12 at its input and functions in a 
similar manner. The setting means 11 consists of an in- 
verting adder 28 (Fig. 5) having its output connected to a 
control input of a generator 29. The error signal from 
the inverting adder 28 is converted in this case at the 
output of generator 29 into a varying pulse rate signal 
which controls the speed of movement of the drives 10 
(Fig. 1 ) and 13 (Fig. 2) . 

The plasma forming gas supply system 7 in the appara- 
tus of Fig. 2 does not allow coatings of organometal com- 
pounds to be deposited. To achieve this, the system 7 is 
provided with a vaporizer 30 (Fig. 6) having a thermo- 
controller conduit 31 and a heater 32. The hearer 32 
maintains a constant temperature in the conduir 31 in 
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order to avoid condensation of vapors of organometal com- 
pounds— wh-i-Gh— are— f-ed— i-n to— t-he— p-l-asma— jet— 2— te— be 

desposited on support 8. 

To reduce the consumption of gas and to combine 
operations such as the cleaning of support surfaces and 
the deposition of coatings, the system 7 is provided with 
valves 33 and 34 mounted on the conduit of the system 7 
and on the conduit 31, respectively. Valves 33 and 34 
are alternatively opened by a control signal received from 
a coordinate pickup 35, which is mounted, e.g., on the 
support holder 9. The pickup 35 may be in the form of an 
aperture of a length corresponding to the size of the 
surface of the support 8 being treated, a light source 
provided on the one side of the aperture, and a photo 
sensitive element provided on the opposite side of the 
aperture. A signal from the output of the photo sensitive 
element is a control signal for the valves 33 and 34. The 
valves 33 and 34 are opened only for the time of the 
arrival of the signal, so as to reduce gas consumption. 
The valve 33 is opened in response to even signals and the 
valve 34 is opened in response to odd signals, so as to 
ensure their consecutive operation. This operation of 
the apparatus allows its manufacturing capabilities to be 
enlarged and makes it more cost-effective. 

If the size of the support 8 is greater than the size 
of plasma jet 2, it is preferred that the support holder 9 
be provided with an auxiliary drive 36 (Fig. 7). The 
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drive 36 rotates the support 8 about an axis drawn per- 
pendicularly wi th respect to its plane througJTThe geo- 
metrical centre of the support. This allows the treat- 
ment of the whole surface of support 8 to be carried in a 
single pass thus greatly increasing the throughput 
capacity of the apparatus. 

The most preferred embodiments of the invention have 
been described above by way of example. It will be 
appreciated however that variations and modifications can 
be made within the scope of the appended claims. Thus, 
the circuitry of such units as the movement speed setter, 
the plasma jet size setter, and the brightness detector 
may vary. The design of the support holder may also be 
modified. 
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CLAIMS 

Appara.t.us_f or_use__in— the— plasma_treatmen.-t— of_a_body- f 

including a plasma jet generator, the plasma jet generator 

having means to generate a plasma jet at atmospheric pres- r 

sure, a plasma forming gas supply system, and a support 

for a body to be treated, the plasma jet and the support 

for the body to be treated being mounted for relative 

movement with respect to one another in the direction of 

at least one coordinate axis in such a way that the 

support for the body and the plasma jet may be in or out 

of contact as required, means being provided for 

controlling the speed of relative movement between the 

support and the jet both in and out of contact with one 

another and the cross-sectional size of the plasma jet 

which is generated at atmospheric pressure • 

2. Apparatus as claimed in claim 1 in which the output 
of means for detecting the brightness of the plasma jet is 
used to control the cross-sectional size of the plasma 
jet. 

3. Apparatus as claimed in either claim 1 or claim 2 in 
which the output of means for detecting the brightness of 
the plasma jet is used to control the speed of the 
relative movement between the support and the plasma jet, 

4. Apparatus as claimed in any one of the preceding 
claims including a turret carrying a plurality of the sup- 
ports • 
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5. An apparatus as claimed in any one of the preceding 
c-l-a-ims— i-n— wh-i-ch— a— support— for - the~b"o~dy — i~s — rot"a~t~a~bTe~a&out~ 
an axis drawn through the geometrical centre of the sup- 
port and extends perpendicularly with respect to the sup- 
port plane. 

6. An apparatus as claimed in any one of the preceding 
claims in which the plasma forming gas supply system in- 
cludes a vapourizer having a thermo-controlled conduit 
which has its free end directed towards the plasma jet 
zone . 

7. An apparatus as claimed in any one of the preceding 
claims in which the plasma forming gas supply system has 
at least one passage incorporating a controlled valve, and 
the support holder has a coordinate pick up connected to 
the controlled valve, whereby the supply of the plasma 
forming gas may be controlled. 

8. An apparatus as claimed in claim 1 including an 
arrangement substantially as described herein with 
reference to any one of the accompanying drawings • 


SUBSTITUTE SHEET 


WO 92/21220 


PCT/EP92/01131 




no. 2 


SUBSTITUTE SHEET 


WO 92/21220 


PCT/EP92/01131 



SUBSTITUTE SHEET 


WO 92/21220 


PCT/EP92/01131 




SUBSTITUTE SHEET 


WO 92/21220 


PCT/EP92/01131 



SUBSTITUTE SHEET 


INTERNATIONAL SEARCH REPORT 

, . PCT/EP 92/01131 

International Application So 


I. CLASSIFICATION OF SUBJECT MATTER (if several dassification symbols apply, indicate all)* 


According to international Patent Classification (IPC) or to both National Clasaftcanoo and IPC 

Int. CI. 5 H05H1/40 


H. FIELDS SEARCHED 


Minimum Documentation Searched 7 


Classification System 


Classification Symbols 


Int. CI . 5 


H05H ; 


H01J ; 


B23K 


Documentation Searched other than Minimum Documentation 
to the Extent that such Documents are Included in the Fields Searched 1 


CD. DOCUMENTS CONSIDERED TO BE RELEVANT 9 


Category" 

Citation of Document^ u with indication, where appropriate, of the relevant passages 12 

Relevant to Claim No. 13 

A 

US, A, 3 278 796 (TAKEI ET AL) 11 October 1966 
see column 2, Hne 29 - line 53 
see figure 

1-2 

A 

US, A, 4 609 810 (O'BRIEN ET AL) 2 September 1986 
see column 2, Hne 32 - Hne 47 

1 

A 

DE,A,3 623 441 (EATON CORP.) 15 January 1987 
see column 5, Hne 65 - column 2, Hne 5 
see figure 1 

5 

A 

US, A, 4 021 675 (G.A. SHIFRIN) 3 May 1977 
see column Z) Hne 13 - Hne 36 
see figure 1 

3,5 


0 S pedal categories of cited documents : 10 

"A* document defining the general state of the art which is not 
considered to be of particular relevance 

TT earlier document but published on or after the international 
filing date 

If document which may throw doubts an priority daim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'0* document referring to an oral disclosure, use, exhibition or 
other means 

*P* document published prior to the international filing date but 
later than the priority date claimed 


*T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory unjeriying the 
invention 

"X" document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step 

T* document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

"A* document member of the same patent family 


fV. CERTIFICATION 


Date of the Actual Completion of the international Search 

02 SEPTEMBER 1992 


Date of Mailing of this International Search Report 

0 8. 09. 92 


International Searching Authority 

EUROPEAN PATENT OFFICE 


Signature of Authorized Offii 

CAP0STAGN0 



Per* PCT/ISAtflO Utrmi ifcat) (J wry Ift5) 


ANNEX TO THE INTERNATIONAL SEARCH REPORT 

ON INTERNATIONAL PATENT APPLICATION NO. & 9201 ^ 13 


This annex lists the patent family members rdatmt to the patent documents 


cited in the above-mentioned in t i m a ti on*! search report. 


Patent document 
crtcd in search ic|Hitt 


Publication 
date 


Patent fmmtj 

IDCSOB)Cr(s) 


Publication 
dale 


US-A-3278796 


DE-B- 
FR-A- 


1256336 
1358991 


US-A-4609810 


02-09-86 


None 


DE-A-3623441 


15-01-87 


US-A- 
JP-A- 


4675530 
62015745 


23- 06-87 

24- 01-87 


US-A-4021675 


03-05-77 


None 


Far note detaBs about tbs annex : tee Official Jgarnal of the European Patent Office, No. 12/82 


